ABSTRACT
Introduction
Mesenchymal stem cells, first obtained from bone marrow aspirate, have a great plasticity and are able to differentiate into bone, cartilage, fat tissue and even muscle 1 . Recent studies have shown the isolation of such cells from fetal tissue and blood 2 . Mesenchymal stem cells from umbilical cord can be used for autologous or heterologous transplant 3 due to their high proliferative potential 3, 4 . Advantages of their use include transplantation with no risk to the donor, easy and safety during the collection and a reduction in the rejection potential [5] [6] [7] . Researches with cord blood stem cells still face some difficulties, mainly during the isolation process 8, 9 . However, studies have reported the possibility of cord blood stem cells represent a new source of multipotent cells from non-hematopoietic tissues 7 .
Chang et al. 10 isolated human umbilical cord blood mesenchymal cells, which showed two different phenotypic characteristics but a similar osteogenic, adipogenic and chondrogenic capacity 5 . Differentiation into hepatocytes 11 and neurons 12 have also been carried out. Fuchs et al. 13 and Jager et al. 14 described the feasibility of adipogenic and osteogenic differentiation of cartilage and cord blood stem cells from sheep.
The first report with the isolation of fat cells were performed by Rodbell 15 and Rodbell and Jones 16 from samples of fat mice. Later, this isolation procedure was modified for use in human models 17 . The collection of samples of adipose tissue, which was occasionally performed during other surgical procedures, has become more feasible since the advent of plastic surgery and liposuctioned. These cosmetic procedures are currently an inexhaustible source of adipose stem cells. Studies by Zuk et al. 18, 19 revealed that adipose tissue is a source of multipotent stem cells with characteristics of cell marking and expression of genes with unique features that differ from mesenchymal stem cells in some respects. This research was performed by flow cytometry and tests of differentiation and biochemical and molecular tests taken from human fat cells.
Due easy protocol for sample collection, cell isolation and the great potential for tissue differentiation, adipose tissue could be a good source for application in biotechnology 20 .These cells can be used in the field of regenerative medicine. The ovine model for research with the isolation and culture of mesenchymal stem cells is important for pre-clinical orthopedic 21 , reactions to xenotransplantation 15 and uterine surgery 22 . In order to use this animal model in preclinical tests applied to regenerative medicine, this study aimed to purpose an adequate protocol for collect and isolation of stem cells from umbilical (Cord blood and fat) of sheep, in order to obtain a suitable cell line with characteristics of proliferative and differentiation potential for use in cell therapy.
Methods
Ten female sheep Santa Ines were used acquired in Sao Paulo and kept on the premises of the Faculty of Veterinary Medicine, University of Sao Paulo-FMVZ / USP. All animals underwent the same handling conditions, fed twice daily (massive) and 200g of concentrated food (food for sheep) once a day.
The animals were fasted for 24 hours (solid) and 12 hours (liquid). After this period, 0.3 mg/kg hydocloride of meperidine associated to 2 mg/kg midazolam maleate intravenously in the same syringe were administered as premedication (MPA). Five minutes later, the animals were induced to anesthesia with propofol 3mg/ kg associated with 5 mg/kg of fentanyl intravenously, intubated with endotracheal tube size 10G and maintained with inhalational anesthetic isoflurane. All anesthetic procedures were performed with cardiac monitoring and pulse oximetry. The animals submitted to the trial received 0.2 mg/kg of meloxicam and 25 mg/kg of sodium dipyrone for immediate analgesia (thereafter maintained with 0.1 m / kg meloxicam once a day for about five days). Prophylactic antibiotic based on penicillin at a dose of 20,000 IU / kg therapy was performed in all animals for 5 days.
To collect the cord blood there was adopted a surgical procedure for intrauterine fetal blood sampling (Figure 1 ). We collected five samples of material from fetuses and sheep, and 20 mL of blood was aspirated from each animal. The blood obtained by puncturing the umbilical artery, was transported in heparinized tubes until the Stem Cell Laboratory, Department of Surgery, Sector of Anatomy of Domestic and Wild Animals FMVZ/USP. The procedure of cordocentesis included puncture of the umbilical artery from the externalization of the term pregnant uterus and exposure of the umbilical cord. Related to animals which underwent a cesarean section, we adopted the same procedure of cordocentesis. However, after collecting the blood, the placenta was ruptured the umbilical cord was clamped and incised suture attached to the uterus and abdominal muscles. For the isolation of mesenchymal stem cells from umbilical cord were performed three different tests. The first protocol involved the dilution of the fraction of blood for the cultivation solution with DMEM-H (1:1), addition of Ficoll Hypaque TM Plus and subsequent centrifugation to obtain a pellet of mononuclear cells. After this process it was observed the formation of a whitish buffy coat, which was isolated, washed with saline and centrifuged again. This procedure was repeated three times to ensure the elimination of Ficoll Hypaque TM Plus -toxic to the cells. The pellet obtained after the spin was resuspended and then counts were performed in cells with the aid of a Neubauer chamber. The cells were plated in 25cm 2 culture bottles and incubated in a temperature of 37 0 C and 5% CO 2 . The second set protocol included the dilution of the fraction of blood for the cultivation in solution with DMEM-H (3:1) and subsequent filtration with a 100um mesh, followed by centrifugation. The pellet formed was resuspended in 10mL of PSB and received Ficoll Hypaque TM Plus. This procedure was followed by a further centrifugation, from which was possible to observe the formation of a discrete whitish halo. This buffy coat, after being isolated was twice washed with PSB and centrifuged. The pellet obtained after the spin was resuspended and then counts were performed in cells with the aid of a Neubauer chamber. There were plated 2.0 x 10 6 mononuclear cells in a 25cm 2 culture bottle. The material was incubated under the same conditions described for the first protocol. For the third protocol, there was made a dilution of the fraction of blood for the cultivation solution with DMEM-H (3:1) and centrifuged. The pellet was resuspended in 10mL composed of DMEM-H and centrifuged again (procedure was repeated three times). After the pellet had been resuspended and the number of cells had already been estimated, there were plated 2.5 x 10 4 mononuclear cells in a 25cm 2 culture bottle. The incubation was performed under the same conditions described for the first protocol. After 72 hours, the cells that had not adhered to the bottom of the bottle were discarded. To study the ability of in vitro expansion of cord blood cells there were used three different culture media. The material isolated by each of the protocols described above was distributed equally into three bottles of cultivation. The culture medium used were: Alpha-MEM, DMEM and DMEM-High-Low, all supplemented with 10% fetal calf serum (GIBCO) and 1% penicillin and streptomycin. Each bottle, previously identified and filled with a kind of medium, received the cells isolated from one of three protocols established and was incubated under conditions described below.
The adipose tissue was collected from the left perirenal region. Access to this region was made through a paracostal incision (Figure 2 ). Five samples were placed in sterile Falcon tubes and sent to the same laboratory mentioned above. There were used four different protocols for isolation of mesenchymal stem cells from adipose tissue fragments. In the first protocol, the samples were washed with PBS and subsequently held the dissociation chemistry of tissue samples. In these fragments there was added a solution of PBS containing 0.05% collagenase and this step was followed by incubation for 90 minutes at 37°C. After this period, the cell suspension was filtered through a 100um mesh and subsequently centrifuged. The pellet formed was resuspended in culture medium and washed three times. The medium used was MEM ALPHA supplemented with 10% fetal bovine serum, and 0,5uL/mL of amikacin and 0,5uL/mL of nystatin. The cells were then plated on culture bottles and incubated in a temperature of 37 0 C and 5% CO 2 . The second protocol differs from the first in just one point: the incubation time of the fragments, after its dissociation, was reduced to half (45 minutes). The third protocol differs from the second by the fact that the enzyme trypsin was used instead of collagenase. The fourth set protocol is similar to the first, except for the fact that there were also plated small fragments of adipose tissue.
There were used around 2x10 5 cells to begin the study of growth curve. The amount of cells was estimated by the following formula: NC/NS x 10 4 (NC= number os counted cells; NS= number of squares in Neubauer chamber). The number of cells was measured during 18 days (from 48 to 48 hours). In order to verify the ability of colony forming units of fibroblastoid cells, 1 x 10 3 mesenchymal stem cells from fat tissue of sheep were plated in 60cm 2 dish with culture medium ALPHA-MEM (supplemented with 15% fetal bovine serum Hyclone ® , 1% penicillin-streptomycin , 1% MEM-NEAA, 1% L-glutamine) in the heater with medium replacement of 48-48h for 10 days. In order to determine the Colony Forming Unitfiblobastic (CFU-F) assay, we adopted the following procedures: removing the medium and washing the culture dish with PBS free of Ca 2+ and Mg
2+
, incubating the material with paraformol 4% for 30 minutes for fixation of the cells and finally staining the material with crystal violet. After an incubation time of 10 minutes, the culture dish was washed with distilled water and it was possible to analyze the colonies. The temperature of incubation was the normal room temperature.
For flow cytometry (FACScalibur, BD) there were used around 10 5 cells in the passage one, per tube. The cells were distributed equally in the tubes and ressuspended in 200μL of PBS for subsequent addition of markers. We used the following markers: CD38, CD41/CD61 associated, CD44 and CD45. Propidium iodide was used to test the viability of cells in the cytometer. After 15 minutes of incubation in a recipient without light contact, each tube was centrifuged at 1800 RPM for three minutes and after that, washed with 1 mL of PBS. For the following analysis in the cytometer, the resulting pellet was resuspended in 200μL of PBS with 1% formaldehyde to each tube.
Results
The procedure adopted did not cause problems for the fetus and female as the pregnancy went to term without the need for veterinary intervention. There were neither postpartum, nor transoperative or postoperative (in cases where there was a caesarean) complications.
The cultivation of cells from the umbilical cord was performed by using different protocols. Protocols 1 and 2, which Monitoring the process of growth and adhesion of cord blood stem cells revealed that the cultures were composed of numerous small circular non-adherent cells, and a large part was composed of red blood cells. It was not possible to observe the adhesion and hence expansion of mesenchymal stem cells.
Further tests, using a protocol with the culture medium alpha-MEM, allowed a rapid cell growth and fibroblastoid features (Figure 3 ), but after the first passage the culture has not progressed. The collection of adipose tissue from the perirenal region was performed by surgical procedure. Due to the inherent characteristics of selected ovine specie a little amount of cells could be collected because of the storage in the subcutaneous fat.
The cell culture of adipose tissue analyzed with the four established protocols showed the following finds: The first protocol used in isolation achieved satisfactory outcomes. It was observed that the cells adhered to plastic after 24 hours in primary culture, were refractile and also showed a variety of formats ranging from the triangular, dendritic and rounded. From the study of growth curve of mesenchymal stem cells from fat sheep it was possible to assemble the following graph (Figure 4) , which shows the stages of LOG, which runs from the day 26-02 until 06-03; PLATEAU, which runs from 06-03 to 14-03, and the LAG phase which runs from 14-03 to 16-03. The study of colony forming units (CFU) showed that mesenchymal stem cells were able to form colonies of fibroblastic cells (CFU-F). After the material was treated with crystal violet there was possible to count over 58 colonies of cells ( Figure 5 ). The protocol used to this assay was modified due to the high proliferative behavior of the cells. There were plated 10 2 instead of 10 3 cells on a 100cm 2 dish. There were no medium renewal during the seven (instead of fourteen) days of harvest. According to the second protocol could be verified degree of adhesion of cells isolated. However, after 240 hours the cells, which showed characteristic spherical and refractile, died or showed differentiation into unwanted cell types. The use of trypsin to the detriment of collagenase (protocol 3) did not enable cell adherence and these had to be viable after 10 days of cultivation.
Satisfactory results could be observed in the cultivation of the cells with tissue fragments. There was cellular adhesion and after 360 hours of cultivation, the presence of cells with fibroblastoid morphology and rapid growth. After appropriate degree of confluence was held the replating of cells, however, the material was lost by fungal contamination.
Discussion
The first protocol, drawn up according to Feitosa 23 (bone marrow of sheep), was ineffective since it did not enable cell adherence and viability. The second protocol, based on methods used by Fuchs et al. 14 showed formation of a halo of white and red blood cell supernatants that persisted even after washing the material. A second sample underwent the same protocol provided adherent cells, but without the typical fibroblastoid morphology. These results corroborate the studies of Secco et al. 5 . These authors obtained only 10% of success in the isolation of mesenchymal cells from human umbilical cord from 10 samples.
The third protocol was established according to studies by Zucconi et al. 24 , who isolated mesenchymal cells from cord blood of dogs. On the first attempt, adhered cells with fibroblastoid morphology became unviable after 30 days of cultivation. The successful isolation of cells with morphology of mesenchymal stem cells obtained from the second sample was subjected to protocol 3. The cells in culture showed expansion and confluence, but became unworkable after the first pass. These results corroborate data Secco et al. 5 .
The procedures for collection and isolation of cells from adipose tissue were made from research by Knippenber et al. 25 . These authors have proposed techniques to harvest and isolation of fat cells in the goat model. For the present study there were used similar protocols in the ovine model, due to anatomical and physiological similarities found in sheep and goat. Whereas the accumulation of adipose tissue in sheep is located in intra-abdominal viscera, unlike other species that have fat concentrated on special sub-cutaneous.
The procedure of collecting cells from the perirenal region was reported by Knippenberg et al. 25 . His execution did not represent very complexity and there were no post-operative complications.
The success of isolation in first protocol allowed to obtaining a new cell concentration for the establishment of colony forming units of fibroblastoid cells. It was crucial to the successful formation of these colonies. These modifications argued with that published by Yoshimura et al. 26 . The positive staining for CD44 antibody in flow cytometry argued with that published by Barry et al. 27 and Martínez et al.
28
. These studies showed that CD44 is an antibody that characterizes mesenchymal cells for human and sheep fat tissue derived cells. In case of rabbits, CD44 is negative, according to researches published by Martínez et al. 28 .
The second protocol was established from a reduced time for enzymatic digestion by collagenase. It was possible to observe some adhesion of cells to the surface of the bottle, though the cells were not very refractile and therefore unviable.
In the third protocol there was used the enzyme trypsin to chemical cleavage fragments of adipose tissue. Cells that adhered to the surface of the bottle were more refractile, but unviable due to some degree of differentiation into an osteogenic lineage of cells.
The fourth protocol, different from the others by the presence of adipose tissue explants, resulted in a population of cells adherent to the surface of the cylinder, showing high levels of refringence, fibroblastoid morphology and growth characteristic of mesenchymal cells. However, the cells did not survive after the first pass.
Conclusions
The method used to umbilical blood collection and isolation was innocuous to fetus and pregnant sheep. The surgical technique used to gather adipose tissue samples from kidney area was very well succeeded, without any complication.
The efficiency found while isolating Cord blood stem cells was higher when compare with dog models as previous report by our studies. The isolation and explants of fat cells was more efficient if compared with other assays, all evaluated under aseptic standards. Stem cells from fat sheep showed up mesenchymal characteristics, according to their growth curve, ability to form colonies of fibroblastoid cells and positive reactivity with the antibody CD44.
